Primary hyperparathyroidism is uncommon although our ideas concerning its precise incidence are being modified with the introduction of serum autoanalysers. Thus Haff, Black, and Ballinger (1970) have recently reported the recognition of 47 patients with hyperparathyroidism in a 30-month period after routine calcium estimations on all patients admitted to one hospital, whereas only 39 cases had been recognized in the same hospital in the previous 10 years. Hypercalcaemia due to hyperparathyroidism was found in one of every 2,000 patients examined.
Primary hyperparathyroidism is usually due to parathyroid adenoma, less commonly to primary water-clear cell or chief cell hyperplasia (Castleman, 1952; Cope, Keynes, Roth, and Castleman, 1958) , and rarely to carcinoma (in about 0 5 to 1I0% of cases; Woolner, Keating, and Black, 1952; Beahrs, Angelos, and Woolner 1963) . We have not made an exhaustive survey of the literature but the number of acceptable recorded cases of parathyroid carcinoma is still limited to around 50. Useful reports and reviews are those by Gentile, Skinner, and Ashburnnephritis' was made and the patient discharged. She returned in June 1948 with the same complaints. On examination she appeared poorly and emaciated. She had a fractured left femur and a small nodule waspalpable in the right upper thyroidregion. Investigations indicated a raised serum calcium level (19 3 mg/100 ml) shown to be due to a rise in the diffusible fraction, normal plasma phosphorus (3 4 mg/100 ml), raised serum alkaline phosphatase (31 5 Jenner and Kay units), haemoglobin 13-3 g %, and raised blood urea (93 mg/100 ml). Radiological examination showed generalized osteitis fibrosa and bilateral nephrocalcinosis. Apart from the fractured shaft the superior metaphysis of the left femur was replaced by a large multilocular cyst ( Fig. 1) attributable to osteitis fibrosa cystica. Exploration of the neck by Mr T. A. Hindmarsh on 15 July 1948 revealed right upper and left lower parathyroid adenomas which were removed.
The specimen from the right upper pole of the thyroid was described as an encapsulated tumour measuring 2 5 cm in maximum diameter and weighing 5 g. On bisection it was mainly solid with areas of cystic degeneration and haemorrhage and subcapsular foci of calcification. That from the left lower pole of thyroid was described as a partly fragmented tumour of similar appearance. Histologically both tumours were thickly encapsulated and comprised polygonal cells with areas of degeneration, haemorrhage, deposition of cholesterol, and focal calcification. They were considered to be benign parathyroid adenomas.
Postoperatively the patient had symptomatic hypocalcaemia for at least six months before the serum calcium level returned to normal. During this time the osteitis fibrosa and the femoral fracture healed. The blood urea returned to normal and was 44 mg/100 ml in September 1948. In 1949 the patient was able to carry through a normal pregnancy and was delivered of a healthy son by Caesarean section in January 1950. By mid 1950 when she was still enjoying good health: the serum calcium was variously 10-5, 10'6, and 10-8 mg/100 ml with corresponding phosphorus values of 1 8, 2-3, and 2-3 mg/100 ml. The blood urea on six occasions between 1950 and 1954 was recorded at the upper limit of normal (from 40 to 48 mg/100 ml). Figure 2 , which summarizes the biochemical changes, shows a tendency to high serum calcium and low plasma phosphorus levels throughout the 1950s. The patient was asymptomatic, and apart from an uneventful appendicectomy in 1958, remained relatively well until December 1961 when admitted with abdominal pains and vomiting. This was attributed to the digitalis recently started for mild hypertensive heart failure. In March 1962 the patient developed severe paroxysmal nocturnal dyspnoea and was found to have a blood pressure of 310/170 mm Hg. She now had symptomatic renal failure with anorexia and a blood urea of 190 mg/ 100 ml. The clinical features of chronic renal failure slowly advanced over the remaining five years. In this period the patient developed band keratopathy and arterial calcification. Radiological investigation showed thinning of cortical bone of the phalanges but no subperiosteal erosions and nephrocalcinosis persisted. During this azotaemic phase, which lasted from 1962 until her death in 1967, she consistently had serum calcium values in excess of 8 mg/100 ml. Two values of 10-2 and 10-6 were found in 1966 when she had a plasma urea of 200 mg/100 ml. Serum phosphorus levels as shown in Fig. 2 Recurrent hyperparathyroidism due to parathyroid carcinoma was enlarged to 1 5 x 1 x 1 cm and included a haemorrhagic area 0 3 cm in diameter. No lymph nodes were found in the neck of the cadaver.
Histological examination showed parathyroid carcinoma infiltrating the right lobe of the thyroid ( Fig. 3 ) apparently at the site of the previous operation where there was also fibrosis, deposition of haemosiderin, and foci of foreign body giant cells in relation to old suture material. The tumour, which was also infiltrating and largely replacing nerve fibres (Fig. 4) and involving blood vessels, comprised rounded collections of polygonal cells with prominent cell borders, faintly granular and eosinophilic cytoplasm, and regular rounded or ovoid nuclei. There were moderate numbers of mitotic figures (Fig. 5 ) and some water clear cells.
In places there was central necrosis of lobules of tumour with patchy granular calcification.
The remaining left lower parathyroid gland was histologically abnormal (Fig. 6) . Part of the gland retained a lobular pattern but appeared hyperplastic with loss of fat cells throughout. This part comprised transitional and chief cells with scattered oxyphils sometimes in aggregates generally up to 01 cm in diameter but with one larger nodule of oxyphils in a trabecular arrangement measuring 0 3 cm in maximum diameter. Much of the gland was taken up by areas of nodular or 'adenomatous' hyperplasia. The largest affected area measured 0-5 cm in diameter and formed a non-encapsulated nodule ofcolumnar chief cells arranged in a trabecular pattern with some pseudo-alveoli and occasional true columnar-celled alveoli. The haemorrhagic nodule was a small, fibrous-walled cyst with scattered water-clear cells in the wall and recent intraluminal haemorrhage. Mitoses were not observed and the nuclei throughout the gland were fairly uniform in size apart from the presence of very occasional enlarged nuclei.
LIVER
There was a single rounded mass of metastatic tumour in the liver measuring approximately 2 x 15 x 1P5 cm with extensive central necrosis. Histologically the metastasis was similar in appearance to the tumour infiltrating the thyroid region. Random sections from other parts of the liver failed to reveal microscopic foci of carcinoma. (Fig. 7) . Undecalcified sections revealed osteoid seams at the sites of new bone formation but these were nowhere unduly wide and there was no evidence of osteomalacia.
KIDNEYS
These were uniformly and symmetrically diminished in size. the right and left kidneys measuring 7-5 x 5 x 2-5 cm and 8 x 4.5 x 2-5 cm, respectively. The pelves were not dilated and the cortex was approximately 0-5 cm in width.
Histologically, there was atrophy of the parenchymatous elements with hyalinization and fibrosis of most glomeruli. There was hyalinization of arterioles and intimal fibrous thickening of arteries, widespread focal microscopic nephrocalcinosis, and marked diffuse interstitial fibrosis. There was no evidence of a primary renal disease and the appearances were consistent with those described in primary hyperparathyroidism (Heptinstall, 1966) .
OTHER ORGANS
Adenomas were not found in the adrenal glands or in the pancreas. The pituitary was not available. There was no gross or microscopic evidence of calcinosis or metastatic tumour in the lungs. The arteries in a number of viscera showed calcification of their walls especially in the elastic lamellae. There was no evidence of pancreatitis which may accompany hyperparathyroidism (Scharf, Better, Gellei, Hemli, Peled, and Brandstaetter, 1969) .
Review of Parathyroid Tumours Removed 19 years before Death
In the light of this patient's subsequent history the histology of the original parathyroid tumours has been reviewed (Figs. 8, 9 , and 10).
It is doubtful if any pathological interpretation could have been made at the time other than that both tumours were parathyroid adenomas. Both showed enlarged nuclei with some variation in nuclear size and chromatism but this is a well recognized feature of benign adenomas. A careful search for mitoses revealed only one to two per section. Castleman (1952) is of the opinion that mitoses are not found in benign adenomas but this is probably too dogmatic a view (Caley et al, 1962) . Another feature is the tendency towards an elongation and 'spindling' of parathyroid tumour cells arranged prominently in palisades around blood vessels in parts of both the tumours (Fig. 9) . A number of writers have observed this appearance in apparently benign adenomas which have recurred and Castleman regards this as a sign of potential malignancy. Unfortunately the left-sided adenoma was fragmented but there appear to be fibrous trabeculae extending from the main capsule into the substance of the tumour. Again this has been repeatedly reported in the literature in 'adenomas' which have later recurred locally or metastasized. The only additional feature of note was the presence of a demilune of compressed but apparently hyperplastic parathyroid tissue in the outer part of the capsule of the right adenoma (Fig. 10) . It was here devoid of fat cells and presented a compact cellular structure, with some variation in nuclear size but no mitoses.
Discussion
The present patient had right and left-sided functioning parathyroid tumours which at the time were considered to be benign. Nineteen years later she died with evidence of recurrent hyperparathyroidism and limited necropsy showed a locally infiltrating parathyroid carcinoma at the site of previous removal of the tumour on the right side with a solitary metastasis to the liver, together with nodular hyperplasia of the remaining left inferior parathyroid gland, osteitis fibrosa, and some nephrocalcinosis.
It is generally agreed that a tumour can only be considered a parathyroid carcinoma when it is associated with appropriate endocrine effects (to distinguish it from thyroid carcinoma which may simulate it histologically) and shows definite evidence of malignancy such as infiltration of the thyroid and other tissues locally, metastasis to regional lymph nodes, or more widespread visceral metastasis. The tumour in the present case fulfils these criteria since there was a recurrence of hypercalcaemia, changes of osteitis fibrosa in the bones, local infiltration of nerves. vessels, and thyroid, and a metastasis in the liver. Some writers (Black and Ackerman, 1950) are reluctant to accept local infiltration as definite evidence of malignancy in cases of recurrent parathyroid adenoma when no infiltration is found at the initial operation, claiming that such growth might be from operative implantation of cells. Our experience with the present case is more in keeping with the view of Castleman (1952) that local recurrence of tumour in the majority of instances is proof that the original lesion was a carcinoma. Late recurrence of a truly benign parathyroid adenoma appears to be exceptional. Castleman (1952) refers to six cases of adenoma where subtotal resections were performed deliberately in an attempt to prevent postoperative tetany. Three had no further evidence of hyperplasia and in the other three there was little, if any, further growth of the residual tissue when removed five months, seven years, and 15 years later, respectively.
The literature reveals a similar history in many instances. In some cases parathyroid carcinoma has been diagnosed at the initial operation, but a not uncommon story is of primary hyperparathyroidism relieved by resection of an apparently benign adenoma followed months or even years later by a recurrence of hyperparathyroidism with carcinomatous infiltration in the neck or visceral metastases, usually in the lungs. Other sites for metastatic tumour include the liver and kidney and rarely bone (Pollack et al, 1961) . Hepatic metastasis which occurred in the present case has also been reported in individual cases by Ellis and Barr (1951 ), Castleman (1952 ), Lazar et al (1961 , and Straus and Paloyan (1969) . Recurrence of hyperparathyroidism due to carcinoma may be very much delayed. Thus in the case described by Caley et al (1962) there was an interval of seven years between the removal of an 'adenoma' and death from recurrent parathyroid carcinoma. In the present case the corresponding period was no less than 19 years. This pattern of recurrent hyperparathyroidism seems to be characteristic and the late recurrence of symptoms and signs of hyperparathyroidism in a patient following removal of an apparently benign adenoma should suggest the possibility of carcinoma. Where the initial hyperparathyroidism is unrelieved by resection of an adenoma the situation is different, and then a further adenoma which has been overlooked or adenomatous hyperplasia involving multiple glands are possibilities.
There are three possible relationships between the changes of parathyroid hyperplasia and neoplasia observed in the present case: (1) an initial primary chief cell nodular (adenomatous) hyperplasia of parathyroid glands which had progressed to the stage of 'adenoma' formation in two glands at the time of operation and later to frank carcinoma with adenomatous hyperplasia still recognizable in the remaining gland found at necropsy; (2) an initial secondary hyperplasia of parathyroid glands associated with longstanding chronic renal disease with development of 'adenomas' (St Goar's so-called tertiary hyperparathyroidism; Davies, Dent, and Watson, 1968; Smith, 1970) (Drake, Albright, and Castleman, 1937) that the stimulus to hyperplasia may be hyperphosphataemia but there is considerable evidence that hypocalcaemia is the stimulating factor (Nordin, 1958) . In any event, serum phosphorus levels in the present patient were consistently in the low normal range until terminal azotaemia developed. Golden et al (1965) suggested that secondary parathyroid hyperplasia in association with an adenoma might be brought about by a greater need for parathormone when renal failure develops than can be provided by the adenoma. In the present case we would need to suggest that the carcinoma behaved similarly. In view of these difficulties it seems more logical to postulate that hyperplasia was the initial change which progressed to uninodular lesions in two glands and later to carcinoma with nodular hyperplasia persisting in the remaining gland. Although this view has theoretical attractions we cannot exclude the possibility that the changes in the remaining gland were secondary to the terminal chronic renal failure. Black and Utley (1968) and Black (1969) have emphasized the difficulty involved in the differential diagnosis of primary parathyroid hyperplasia and adenoma and indicate that chief cell hyperplasia frequently masquerades as adenoma. In view of the difficulties in histological interpretation one cannot exclude the possibility that the parathyroid tissue on the outer aspect of the tumour capsule represented infiltration at the time of the operation. The cellular pattern in this tissue, however, suggested otherwise. Thus the cells were uniform in size, the nuclei were smaller than those in the main tumour, and in the carcinoma at necropsy and mitoses were not identified.
Finally it might be useful to indicate some of the features suggesting carcinoma in a case of hyperparathyroidism. The tumour is large enough to be palpated clinically in about 45 % of cases whereas a benign adenoma is palpable in only about 10% of cases. The serum calcium level is often very high (mean 16-0 mg/100 ml) compared with the levels noted with benign adenomas, and in the present case was 19-3 mg/100 ml. Bone disease occurs in 70 %, pancreatitis in 15 %, and renal disease in 30 % of cases of parathyroid carcinoma. At (Castleman, 1952) .
Treatment of parathyroid carcinoma confined to surgical excision and radiotherapy usually proved ineffective. Response therapy using hexestrol has been reported et al, 1966) .
